A land-cover analysis carried out in the catchment of Derekolli stream, using image analysis and GIS technologies, in conjunction with data collected through field surveys, revealed two types of changes, i.e., land-cover modification and conversion. The shrubland, which apparently formed the climax vegetation of the study site, and accounted for 16.4 % of the watershed in 1957, disappeared at the rate of 1.6 and 0.31 per cent per year from 1957 to 1986, and from 1986 to 2000, respectively. This change involved a gradual thinning of the shrub and its modification to shrub grassland, and then grassland, due to the selective cutting of the woody biomass for fuelwood and charcoal production. A significant conversion from natural vegetation cover to cropland was observed only between 1957 and 1986, where the cultivated land expanded by 7 per cent. There was very little change in the cropland area since 1986, as most of the land suitable for cultivation was already in use and the limit for expansion had almost been reached. The other type of conversion, i.e., the change from cultivated land to urban area, was insignificant since the land taken up by the emerging town, together with the roads accounted for less than 1.5 per cent of the total area of the catchment.
INTRODUCTION
Accurate information on land-cover changes and the forces and process behind is essential for designing a sound environmental planning and management. Land-cover analysis provides the baseline data required for proper understanding of how land was used in the past and what types of changes are to be expected in the future. Studies of land-cover changes also yield valuable information for analysis of the environmental impacts of human activities, climate change, and other forces. Such analysis is of great use to the resource manager because it provides information that would help in resolving conflicts between human use of natural resources and the function of natural systems (Pyrovetsi and Karteris 1986) . A change in land-cover can negatively affect the potential use of an area and may ultimately lead to degradation and loss of productivity.
Studies relating to land-cover changes are rare in Ethiopia, and so far only a few of these have been carried out in the whole of the northern highlands. Such studies include the works of Halvor Wøien (1995) , Gete Zeleke (1997) , Donald Crummey (1998) , and Kebrom Tekle and Hedlund (2000) . The studies of Wøien (1995) and Kebrom Tekle and Hedlund (2000) were based on black and white aerial photographs of 1957 and 1986. The former assessed changes in woody plant cover and farming compound distribution in an area of about 70 km 2 on the Mafud escarpment surrounding the town of Debre Sina in North Shewa, and reported a considerable increase in the area of the woody vegetation. On the other hand, Kebrom and Hedlund evaluated changes in nine land-cover categories in an area of 110 km 2 in the Kalu district of Southern Welo, and reported a major decline in shrubland, major increment in open areas, but very little change in the cropland. Crummey (1998) based his analysis of vegetation change by comparing sets of ground photographs taken in 1937/1940 by Armando Maugini (Director of the Instituto Agronomico d'Oltremare of the University of Bologna), and he himself in 1996. Maugini's photographs were taken in different parts of Welo and its neighbouring regions to generate data for the evaluation of land for Italian settlement and agricultural development. Crummey strongly argues that these photographs invariably suggest that Welo was covered with lesser tree and woody biomass in the 1930s than in the 1990s. He also concludes that there is very little change in the total area and spatial distribution of the cropland in the last 60 years. The study of Gete (1997) , conducted in an area of 27,000 ha in the Dembecha area of Gojjam, was based on black and white photographs of 1957 and 1982 and a Landsat image of 1995. The results suggest that there is a major contraction of the forest cover and expansion of cropland, particularly, between 1957 and 1982. Most of the above studies covered similar periods but were conducted in different agro-ecological Zones and environments, and as a result, the findings not only differ but in some cases conflict, thus making further investigation all the more important. This paper reports the findings of another investigation carried out in the Derekolli catchment of the South Welo Zone of Amhara Region. The study, carried out using image analysis and GIS technologies in conjunction with data collected through field surveys, attempts to quantify land-cover changes that took place in the catchment since 1957. Unlike most of the above-mentioned works, this paper is an outcome of a detailed (large-scale) analysis of land-cover changes in a rather small river catchment. The watershed was used as a unit of study because it represents a natural and holistic unit comprising all the components of the natural landscape, in which rural land-use is organized and the diverse features of the land-cover are represented. The selected catchment is typical of the eastern low-lying highlands, where cultivation has a long history and drought and famine are recurrent. The mountainous topography, the dry climate, the extensive cultivation and the dense population settlement also make the region vulnerable to environmental degradation.
Extraction and analysis of the land-cover data was made possible by using the most recent microcomputer based image analysis and GIS technologies. The softwares employed were those of the powerful but relatively low cost ArcView and its extensions. Land-cover change detection in a small area requires careful but detailed analysis of the aerial photographs and satellite images of the different times. The older photographs had high resolution and therefore provided detailed information about the land-cover of the earlier periods. Such detailed information was not available for recent periods because of absence of aerial photographs and the low resolution of the available Landsat images. Hence, information on the current land-cover was generated by the combination of data collected from the satellite image, fieldwork, and the most recent aerial photographs.
METHODS OF STUDY

Description of the Study Area
Location and the Physical Environment
The Derekolli catchment, located between 39°53' 50" E and 39°56' 25" E and 11°9' 50" N and 11°12' 50" N, about 35 km east of Kombolcha town, on the Bati-Mille-Assayita road, covers an area of 1528 ha (Fig. 1) . The Derekolli and its tributaries draining the catchment are some of the many small streams that feed Kilfu, which in turn drains into the Awash River. The catchment comprises of mountainous terrain in its northern, eastern and western reaches, and a deeply dissected rolling plain in the centre and the south. Although the elevation extends from 1575 in the south, to 2060 meters above see level in the north, the main part of the catchment falls only within 1600 to 1800 m, and hence, is typical of the dry "kolla" Zone of the traditional agro-climatic classification ( 
Agriculture and Land Use
Agriculture, in which subsistent rain-fed crop cultivation is practiced, supplemented with some livestock production, constitutes the basis of the economy of the Derekolli catchment. Crop cultivation is carried out on land ranging from gentle to very steep slopes. Estimates show that of the total cultivated land in the catchment, 54 per cent is marked by slope gradients of above 12%, 14 per cent by more than 27%, and 4 per cent by more than 47% (Belay 1998).
Although different types of crops are cultivated, the most predominant one is sorghum (Sorghum bicolor). The latter is most widely cultivated because its high potential photosynthetic rates, efficient water use, and its capacity to remain dormant during dry spells allow it to withstand the dry condition (Norman, Pearson, and Searle 1984) . Another reason for the much wider cultivation of this crop is its lesser labour requirement. Farmers prefer to cultivate crops that have lesser labour requirement in areas where the risk of drought is higher (Ruthenburg 1980) . In almost all cases sorghum is cultivated mixed with crops such as sesame (Sesamum indicum), nigger seed (Guizotia abyssinica), haricot beans (Phaseolus vulgare), and maize (Zea mays). The primary objective of mixed cropping is to increase the variety and quantity of food produced in the short growing season. However, farmers also plant the various types of pulses within sorghum fields to improve the soil fertility, to reduce the risk of total crop failure and increase their income. Teff (Eragrostic teff) is also cultivated over a considerable area throughout the catchment. Crops, such as chat (Catha edulis), pepper (Capsicum spp.) and various types of spices are also cultivated as cash crops, but these are planted on a very small portion of the arable land.
Indigenous soil conservation measures, comprising agronomic and biological measures, are extensively applied in the catchment. Agroforestry is also another important component of the farming system. The trees that are commonly integrated in the cropping system are Acacia spp. (girar), and Ziziphus spina-christi (L) (kurkura). More than 80 per cent of the cultivated land is also treated with the main indigenous structural soil conservation measure -the "weber" (Belay 1998). These indigenous structural soil conservation measures, comprising a series of discontinuous soil or stone bunds and terraces that develop from narrow strips of land left under grass or stone lines, however, are intended not only to control erosion but also to conserve moisture.
As elsewhere in the Welo highlands, livestock is kept not only to provide milk, hides and skins, and drought and pack animals, but also to serve as a means of security against crop failure. An estimate made for the hole of the South Welo Zone suggests that the livestock depends on the cultivated land for more than 30 per cent of its annual forage supply. In fact bout 60 per cent of the feed during the dry season is estimated to come from the cultivated fields, mainly in the form of cereal straws (DPED 1993).
Methods and Procedures
Procedures of Land-Cover Classification
A simple classification scheme comprising eight land-cover types was developed for the purpose of this study and a mapping legend was prepared for each of the cover types. A combination of information collected from the field, a large-scale topographic map (1:12500), aerial photographs (nominal scale 1:50000), and a satellite image (resolution 30m), have been effectively used in the preparation of the legend. Identification of some of the cover classes required a number of field visits and discussions with farmers, to have not only a clear understanding of the main land-cover types but also to establish what types of changes are expected in the course of the year. What stage and type of cover is to be expected in what season of the year should be properly established to enable interpretation of the aerial photographs and the satellite images. Categorization of land-cover types culminated in the production of the land-cover legend, establishment of its characteristics, and identification and mapping of the various cover types.
Methods of Data Extraction and Analysis
A six-band Landsat 7 Thematic Mapper (TM) image of southern part of Welo, taken in the dry season, on February 5, 2000, in conjunction with information collected through field surveys (carried out in the same season of 1998) was utilized to produce the current land-cover map of the Derekolli catchment (effective use of the satellite image was made by supplementing it with data collected from field observation and most recent aerial photograph). The satellite image covering 180x180 km, and having a resolution of 30 meters, was radiometrically and geometrically corrected, and geo-referenced to Transverse Mercator geographic projection, using modified Clarke 1880 spheroid, by the supplier --Eurimage. The interpretation of the satellite image was performed using the 'Image Analysis Extension module' of ArcView 3.2, on a subscene clipped from the full image on the basis of a frame covering the study catchment. Cover type identification and digitizing was done on the image by combining spectral analysis and visual interpretation. It is to be noted that land-cover classes not only vary spectrally, but also different classes present similar spectral features, and hence visual classification have to be improved by evaluating other image characteristics such as tone, texture, size, pattern, location and association (Mas and Ramirez 1996) . The only sources of landover data for 1957 and 1986 were the black and white aerial photographs (nominal scale 1:50000) obtained from the Ethiopian Mapping Agency (EMA). These 9x9 inch aerial photographs containing the study catchment were scanned in Tag Image File Format (TIFF) on a high resolution scanner at 1200 dots per inch. The TIFF files, which gave a resolution of less than 1 meter on the ground, were then imported into ArcView. The photographs were aligned (i.e., geo-referenced) based on ground control points (GCPs) selected on a large-scale topographic base map (1:12500) prepared for the purposes. The area of interest was then clipped based on the frame of the boundary of the study catchment so that the land-cover data can be compared to the one generated from the satellite image. Visual interpretation of various features on the aerial photographs was done based on the shade, shape, size, texture and location of the features.
However, there were very minor misalignments in some parts of the land-cover maps of the different periods. In fact, because of this problem, it was not possible to produce overlays and automatically determine cover changes using the 'image difference' or the 'thematic change' detection modules of the image analysis programme. It must be noted, however, that although the aligning process did not lead to complete elimination of the distortions caused by the terrain, the positional accuracy was found satisfactory considering the large scale of the topographic base map. The land-cover boundaries are estimated to be accurate within less than 30 meters on the ground. It is believed that such positional differences would not significantly affect the accuracies of the estimated areas of the landcover types for the various time periods.
The features identified on the photographs and satellite images were then screen-digitized to produce the land-cover maps. This interpretation of aerial photographs and subsequent screen-digitizing of the user-defined land-cover units proved to be a very appropriate approach as the patternrecognition capabilities of computers precludes the possibility of automated interpretation of aerial photographs (Hay and Niemann 1994) . After the land-cover units were digitized, measuring, comparing and analysing of the areas under the different cover types and time periods was done using the various modules of ArcView GIS.
RESULTS AND DISCUSSION
Characteristics of the Land-Cover Units
Up to eight major land-cover types were identified on the 1957 and 1986 photographs and the year 2000 satellite image of the Derekolli catchment (table 3) . Generally the land-covered by woody vegetation was easily recognized on the satellite images by the reddish shade these cover type impart on the false colour composite image. The woody biomass was also easily distinguished on the photographs not only because of its dense and dark tone but also because of its association with steeper slopes. It was particularly easy to delimit the shrubland on the aerial photographs as it is represented by a much darker tone and finer texture when compared to the other vegetation types. The shrub grassland is easily distinguished as the shrubs that are found interspersed in the grassland appear as dark spots within the light grey matrix of the grass cover. However, the aerial photographs showed no significant contrast in tone between cropland and grassland; and hence it was necessary to evaluate other characteristics such as pattern and association. Thus, cropland was separated from grassland on the basis of the narrow but linear to curved features of the traditional terraces and the lines of hedges bounding the individual cultivated plots. 3. Grassland Areas with less than 20 per cent shrub and tree canopy but more than 80 per cent grass cover.
4. Valley-rim vegetation Vegetation comprising of shrubs and grass along the rims or edges of the deep U-shaped valleys in the middle and lower reaches of the catchment.
Cropland
Cultivated land comprising field plots used for production of both annual and perennial crops.
6. All-weather road Road that can be used both in dry and wet seasons.
7. Dry-weather road Road that can be used only in dry seasons.
Town
Urban area.
The town of Gerba, at the lower edge of the catchment, is not distinguished on the satellite image, and as a result it was necessary to make use of information collected from the field and the 1986 photograph to delimit it. The buildings and clusters of houses constituting the town were very clearly seen on the 1986 photograph, while there was no sign of such structures on those of the 1957. Farmers report that this urban settlement was the result of the government's villagisation programme of the early 1980s. The roads and the valley-rim vegetation were also too narrow to be identified on the satellite image and had to be delimited based on information collected from field and the 1986 photograph.
Types and Extent of Land-Cover Changes
In all the periods considered, cultivated land constituted the predominant type of land-cover in the Derekolli catchment. This is not surprising as all historical records suggest that almost all the currently cultivated land in the Welo highlands was already under cultivation at least as far back as the 1930s (Crummey 1998) . Of the total catchment area, the cropland accounted for 65.1, 69.7 and 70.6 per cents in the years 1957, 1986 and 2000, respectively (table 4). The vegetated land, comprising the shrubland, shrub-grassland, and grassland, mostly located on the eastern, western and northern ridges and mountains, and the valley-rim vegetation mainly found along the deep U-shaped valleys in the central plains, accounted for 27.9 per cent of the catchment. In the three consecutive years, shrubland accounted for 16.4, 6.9, and 2.5; shrub grassland for 11.1, 14.4, and 17.0; grassland for 1.6, 4.7, and 4.8; and the valley-rim vegetation for 5.8, 3.6, and 3.6 per cents of the total area. The all-weather road crossing the southern edge of the catchment and constituting a segment of the highway that joins Southern Welo with Afar lowlands, appears on both the 1957 and 1986 photographs. The Gerba town and the dry-weather road traversing the western reaches of the watershed appeared only on the 1986 photograph. In the year 2000, the town and the roads together accounted for less than 1.5 per cent of the total area.
The land-cover data of the three years indicated both types of changesconversion and modification (Fig. 2, 3 & 4, and table 5). Between 1957 and 1986, the area under shrubland declined by 58 per cent, while those under shrub grassland and grassland registered a net gain of 29.82 and 190.98 per cent, respectively. This suggests that the shrubland was contracting at an average rate of 2 per cent per annum while shrub-grassland and grassland were, respectively, expanding at rates of 1.03 and 6.59 per cent per annum over the 29-year period. This trend continued to the end of the millennium, where compared to that of 1986, the shrubland contracted by 63.2 per cent (at an average rate of 4.51 per cent per annum) while the shrub-grassland and grassland, expanded by 29.82 and 190.98 per cent, respectively. It should be noted that the shrubland contracted at a much faster rate between 1986 and 2000. Compared to that between 1957 and 1986, this indicates that the cover type contracted at an accelerated rate. The finding that there is a major decline in the area of the shrubland is in line with that of Kebrom Tekle and Hedlund (2000) , who report a 51-per cent decline of the cover type in the Kallu district of Southern Welo, between 1958 and 1986. On the other hand, it is in sharp contrast to that of Wøien (1995) and Crummey (1998) , who reported a substantial increase in the wood plant cover. Wøien's study was carried out in a locality where there had been extensive afforestation and hillside closure activities, particularly in the 1980s. However, Crummey's contention that there was more woody biomass in the Welo region as a whole at present than in the 1930s has not been confirmed by this study or by that of Kebrom Tekle and Hedlund. The observed pattern, in the case of Derekolli catchment, was that of thinning of the shrubs and a consequent change to shrub-grassland and grassland, particularly along the eastern, western, and northern slopes and ridges. The thinning of the shrubland and its modification to shrubgrassland and grassland, which is a gradual and imperceptible phenomenon, is largely attributed to the selective removal of the woody plants for fuelwood and charcoal preparation. The change from natural vegetation cover to cropland was more of conversion and a significant change of this type was observed only between 1957 and 1986, yet the net increase in area of the cultivated land even in this period was only 7 per cent. This finding once again very well agrees with that of Kebrom and Hedlund, who indicated an increase of 2.4 per cent for Kallu district, in the same period (1957 -1986) . It is also in line with Crummey's (1998) conclusion that there was no significant extension of the cultivated area in the last 60 years. On the other hand, it sharply contrasts with that of Gete's (1997) findings, which reported a 39.42 per cent increase of cultivated land for Dembecha area of Gojjam Zone between 1957 and 1982.
On the other hand, this study and that of Gete, very well agree on the fact that there was very little change in the area of the cultivated land in the period following the early 1980s. Between 1986 and 2000, the cultivated land in the Derekolli catchment saw an expansion of only less than 1.5 per cent; Gete also reports an expansion of not more than 3.5 per cent. It must be noted, however, that although the development of the Gerba town, at the lower edge of the Derekolli catchment, and the all-weather road along the western part of the watershed have taken place mainly at the expense of the cultivated land, the combined area taken up by these two land-cover types has only caused a net loss of less than 1.5 per cent.
Causes of the Land-Cover Changes
Land-cover changes are not only cumulative in nature but also the result of a number of interacting variables and processes. The distribution of the various land-cover and land-use types are primarily controlled by factors such as slope gradient, soil depth, terrain configuration, and the demand for fuelwood. Most of the cropland is found in the plains constituting the middle and lower reaches of the catchment, although most of the slopes on the mountainous terrain to the north are also under intensive cultivation. A considerable proportion of the cropland expansion that took place between 1957 and 1986 appears to have taken place along the valley rims in the middle and lower reaches of the watershed. The steep ridges along the eastern edges of the catchment are left out of crop production primarily because of the rugged terrain, very steep slopes, and shallow soils. The presence of the patches of natural vegetation along the western and northern slopes is also attributed to the same factors.
A group of interacting variables are responsible for the drastic decline of the shrubland and the gain of the shrub-grassland and grassland despite the generally expected overgrazing by livestock and subsequent bush encroachment. The first of these is the extensive use of the woody vegetation for charcoal production and firewood. The study conducted by Mengistu Gonsamo (1998) very well confirms the fact that the major cause for the extensive destruction of the shrubland in the region is firewood collection and charcoal production for the surrounding markets. It should be noted that charcoal, which causes more destruction of woody biomass than fuelwood, is produced primarily for markets in the surrounding towns. Table 6 indicates that the population of the major zonal towns, which constitute the largest charcoal consumers, increased by mean annual rates of 10. 4 and 13.5 per cents, between 1960 and 1986, and 1986 and 2000, respectively, exerting severe pressure on the shrubland. It should also be noted that there was a three-fold increase in the total population of the county since 1950 (CSA 1985 and 1988) ; and things are not expected to be much different in the study area. Thus, the accelerated rate of shrubland destruction very well agrees with the thesis that firewood and charcoal consumption grows exponentially with population growth in areas where the population is dependent on wood for fuel (Mwalyosi 1992; Anderson and Fishwick 1984) .
Interviews conducted with farmers by Sebsebe (1997) have also revealed that the sale of firewood and charcoal shows considerable increase during the drought years indicating that the latter is also another factor that encourages destruction of woody biomass in the region. One should also keep in mind that once shrubs and trees are cut, their regeneration is constrained by the generally dry condition of the region (i.e., low erratic rainfall and the high evapo-transpiration rate), and this encourages a more rapid expansion of the grassland at the expense of woody vegetation. Shortage of cultivated land has also forced farmers to increasingly rely on selling firewood and charcoal for supplementary income, and this has also contributed to the extensive destruction of the woody biomass and shrubland. The land tenure system that has been implemented since 1974 has also encouraged the rapid destruction of common property resources such as shrubs and forests.
Consequences of the Land-Cover Changes
One of the immediate impacts of the thinning and destruction of the shrubland is shortage of fuelwood and construction materials for the farming community. This condition forces farmers not only to travel very long distances to collect wood, but also to increasingly burn crop residues and organic manure for cooking and heating. The latter has grave consequences for the fertility and productivity of the cropland as the action leads to depletion of the organic matter in the cultivated soils. The reduced possibility for cropland-expansion and severe shortage of land has also its own impact. The shortage of land has compelled farmers to practice continuous cropping and completely abandon even seasonal fallowing. Field observation and discussions with farmers suggest that cropping intensity in the Derekolli catchment has been raised to almost 100 per cent. Such continuous cultivation in a situation where little organic matter returns to the soils leads to severe soil erosion and land degradation.
Furthermore, shortage of land has forced farmers to cultivate steep slopes and shallow soils that are vulnerable to degradation. A previous study carried out by the author indicates that of the total cultivated land in the catchment, 14 per cent is marked by slope gradients of above 27%, while 4 per cent is marked by slope gradient of more than 47% (Belay 1998). The author has also observed a number of cultivated fields with shallow soils and gradients of more than 60%. A capability classification based on slope and soil depth shows that only 47 per cent of the cropland can be cultivated through use of only contour ploughing and broad-based terracing as currently practiced in the catchment. More than 40 per cent of the cultivated land requires narrow-based bench terracing, while 13 per cent is not at all suitable for cultivation and should be left out of crop cultivation.
CONCLUSIONS
This paper has demonstrated that the recent advancements in microcomputer-based image analysis and GIS technologies provide powerful tools for assessing land-cover changes at sub-catchment levels. The sequential photographs and satellite images have also proved to be valuable sources of information for the investigation. The study carried out in the Derekolli catchment using these modern technologies and remotely sensed data in conjunction with field observations revealed both land-cover conversion and land-cover modification, although the latter was by far the most substantial. The shrubland, which apparently constituted the climax vegetation of the region, and accounted for 16.4 % of the catchment in 1957, declined to 6.9 per cent in 1986, and further dropped to 2.5 per cent in the year 2000. These figures suggest that shrubland was disappearing at the rate of 1.6 and 0.31 per cents per year between 1957-1986 and 1986-2000 , respectively, thus resulting in severe degradation of the natural vegetation cover of the area. The extensive destruction of the shrubland is attributed to the increased demand for fuelwood in the catchment and the surrounding regions.
The popularly held view that expansion of cultivation is a primary force of vegetation clearing and environmental degradation was not found to hold true in the period considered as land-cover conversion to cropland was not a major phenomenon in the catchment. Of the total area of the watershed, the cropland accounted for 65. 1, 69.7, and 70.6 per cents in 1957, 1986, and 2000, respectively . These figures show that significant conversion to cropland did not take place since 1957 as most of the land suitable for cultivation was already in use. The absence of significant increase in the cropland, particularly since 1986 indicates that all the area that is suited for crop cultivation has been completely converted and that the 'limit-forexpansion' of the land-cover type has been reached. Conversion of shrubland has contributed very little to the expansion of the cropland, as most of the land under this vegetation is not suited for cultivation. It was primarily the shrub-grassland and grassland that have expanded at the expense of the shrubland. Even the small increase in the cropland between 1957 and 1986 was attained primarily at the expense of the valley-rim vegetation.
The small town and the dry-weather road, which have appeared on the landscape as new land-cover types since 1957, together accounted for only less than 1.5 per cent of the catchment. The area of the town expanded by 17.7 per cent since 1986, and yet accounts for only 1.2 per cent of the total area of the catchment. Thus, these cover types have very little direct influence on the state and change of land-cover in the Derekolli catchment.
